Effects on Mechanical Properties of Industrialised Steel Fibres Addition to Normal Weight Concrete  by Ibrahim, I.S. & Che Bakar, M.B.
Available online at www.sciencedirect.com
The Twel
Effe
U
Abstract 
Five groups 
percentages: 
aspect ratio, l
SFs in concre
strength (fct), 
cubes of 100 
500 mm were
without SFs w
steel fibres. T
concrete for t
 
© 2011 Pub
 
Keywords: S
1. Introdu
Concrete 
advantages. 
temperature
economical 
associated 
 
a Correspondin
b Presenter: E-m
fth East As
cts on M
Fibres
TM Faculty of C
of concrete gra
0% (as contro
/d = 80 with 0
te on its mech
flexural tensil
u 100 u 100 m
 prepared and 
ere determine
hese relationsh
hese measured 
lished by Else
teel fibres, m
ction 
is one of the
The ability o
, required less
material as c
with creep 
g author: E-mail 
ail address: izni
ia-Pacific C
echani
 Additio
IBRAHIM
ivil Engineering,
de C25 were 
l specimen), 0
.75 mm diamet
anical properti
e strength (ft) a
m, four cylind
tested at 7, 14
d in a compara
ips were exper
properties. 
vier Ltd.  
echanical pro
 most import
f concrete its
 maintenance
ompared to a
and drying 
address: alternati
syahrizal@utm.m
onference 
cal Prop
n to No
 I.S.a and C
 Universiti Tekno
produced with
.50%, 0.75%, 
er and hooked 
es were measur
nd also the M
ers of 150 mm
 and 28 days. T
tive way by de
imentally deter
perties, concr
ant materials 
elf can be ca
 are among th
ll other availa
shrinkage w
ve6760@gmail.c
y 
on Structur
erties of
rmal W
HE BAK
logi Malaysia, 8
 the addition o
1.00% and 1.2
at both ends w
ed for the cub
odulus of Elas
 diameter u 30
he mechanica
veloping relat
mined to revea
ete strength, 
in the constru
st in any shap
e obvious ad
ble materials
hich induce 
om 
al Engineer
 Industr
eight Co
AR, M. B
1310 UTM Skud
f steel fibres 
5% by absolu
ere used in thi
e compressive 
ticity in compr
0 mm long an
l properties of 
ionships betwe
l the quantitati
normal weigh
ctions nowad
e, excellent r
vantages. Co
. Yet, concre
to cracking
ing and Co
ialised S
ncrete 
.b 
ai, Johor, Malays
(SFs) at differ
te concrete we
s study. The ef
strength (fcu), s
ession. For ea
d four prisms o
grade C25 con
en fcu, ft, fct and
ve effects of ad
t concrete. 
ays that prom
esistant to w
ncrete is also
te is a brittle
 problems a
nstruction
teel 
ia.
ent volumetric
ight. SFs with
fects of adding
plitting tensile
ch group, nine
f 100 u 100 u
crete with and
 percentage of
ditional SFs to
ises a lot of
ater and high
 known as an
 material and
nd concrete
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1877–7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.07.329
Procedia Engineering 14 (2011) 2616–2626
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
I.S. IBRAHIM and M.B CHE BAKAR/ Procedia Engineering 14 (2011) 2616–2626 2617
deteriorations. Adding steel fibres (SFs) in the concrete mix produces new kind of concrete known as 
steel fibre reinforced concrete (SFRC). The endeavour looked as a better idea to prevent shrinkage 
cracking and control of early thermal contraction right after placing the fresh concrete in the formwork. 
Among other advantages, SFRC increases in concrete toughness, energy absorption capacity, tensile 
strength and improves concrete durability. 
SFRC had been applied with an increasing rates in the constructions nowadays i.e. ground bearing 
floor slabs (by enhancing load bearing capacity especially for those large slabs of factories and 
warehouse), heavy duty pavements for airports, docks and harbours, tunnel linings and prestressed fiber 
reinforced concrete (e.g. hollow core slabs). The main point concerned in SFRC mixes is the mechanical 
properties which consist of compressive, tensile, flexural and shear strength. Also, creep and shrinkage 
together with Modulus of Elasticity might also be included. Theoretically, there are three (3) parameters 
which influence the mechanical properties of SFRC (Xu and Shi 2009); (i) SFs itself by considering type, 
geometry, aspect ratio, volume fraction, orientation and distribution of SFs in concrete, (ii) matrix by 
considering strength and maximum aggregate size used, water/cement ratio, type of cement and 
supplementary cementitious material, and (iii) specimen by considering the size, geometry and method of 
preparation of the specimen. 
Therefore, this study is conducted to achieve several objectives: 
(a) To study the mechanical properties of SFRC i.e. compressive strength, splitting tensile strength, and 
flexural strength and Modulus of Elasticity of grade C25 concrete with five (5) different SFs 
volumetric percentages of 0%, 0.5%, 0.75%, 1.0% and 1.25% by absolute concrete weight. 
(b) To determine the mechanical properties of SFRC and the relationship between them. 
 
2. Related works 
In 2004, Roesler et al. studied the fracture behaviour of plain and fibre reinforced concrete slab under 
monotonic loading. The primary objective of the study was to compare the various cracking strengths i.e. 
tensile, flexure and ultimate strength of concrete slab and small scale test beam. A total of five (5) slabs 
were cast where (a) two slabs contained discrete steel fibre (crimped and hooked end) with two different 
fibre content, (b) two slabs contained synthetic macrofibre also at two different fibre content, and (c) 
control specimen of plain concrete slab with 0% fibres. They found that the discrete fibres improved the 
load-deformation characteristics compared with plain concrete slab. The monotonic fracture test 
demonstrates that the type of fibres and content did not affect the tensile cracking load of the concrete 
slab. Discrete fibres contribute to the increase of between 1.8 and 2.2 times in flexural strength compared 
with either the synthetic macrofibre or the plain ones. Other than that, discrete fibres contribute 1.4 times 
greater flexural strength compared with plain concrete, and therefore increase the flexural cracking load 
between 25 to 55%. The study also found that the type of fibre (material, aspect ratio and geometry) and 
content were the main factors which increase the ultimate load-carrying capacity of the concrete slabs. 
Further comparison with synthetic macrofibres found that steel fibres has better bridging effect, thus, 
increased the ultimate load-carrying capacity of the concrete slab. 
A year later in 2005, Khaloo and Afshari carry out experimental works on small SFRC slabs to study 
the flexural behaviour with varied fibre length (25 mm and 35 mm length), volumetric percentages of 
fibres (ratio of the volume of fibres to the volume of matrix between 0% and 1.5%) and concrete strength 
(cylindrical concrete strength of 30 MPa and 45 MPa at 28 days). They found that the rate of 
improvement in energy absorption reduced with the increased in fibre content ranging from 1.0% to 1.5%. 
Also, longer steel fibre with higher aspect ratio provides higher energy absorption of SFRC. They 
recommended that the addition of steel fibres in concrete must be within the volumetric percentages of 
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The Modulus of Elasticity for SFRC in compression as given in the Table 2 shows an increase in 
strength as SFs dosages increases. The increasing Modulus of Elasticity in SFRC shows that SFs dosages 
can absorb higher stress, thus, support the finding by the previous researchers (Khaloo and Afshari 2005) 
in improving the energy absorptions. 
From Fig. 7, it can be observed that all SFRC (except for 0.50% SFs) gained early cube compressive 
strength at 7-days and even higher than plain concrete. However, the growth rates decreases at 14 and 28 
days. For flexural strength (see Fig. 9), plain concrete gained higher early strength but the growth rates 
decreases at later age. Meanwhile, SFRC specimens show an increase in strength at 28-days and much 
better than plain concrete. The study also found that both the cube compressive and splitting tensile 
strengths indicated that there is not much effect for SFRC volumetric percentage less than 1% due to the 
slow growth strength rates at 28-days. Comparing the results of the cube compressive strength, splitting 
tensile strength and flexural strength for SFRC with 1.00% and 1.25% of SFs volumetric percentages, the 
strengths at 28-days are not much differ from each other. Therefore, it can be concluded that SFRC with 
1.00% volumetric percentage should be a better choice along with the economical considerations. 
As shown in Fig. 10, relationship between concrete splitting tensile strength (fct) and compressive cube 
strength (fcu) was found. The empirical relation obtained can be expressed as: 
fct = 0.40(fcu)0.55                  (1) 
The coefficient of determination (R2) for this proposed relation is 0.84 which indicates a strong 
correlation for both parameters involved. Meanwhile in Fig. 11 shows the relationship between concrete 
flexural strength (ft) and compressive cube strength (fcu). The empirical relationship obtained can be 
expressed as: 
ft = 0.07(fcu)1.33                  (2) 
The coefficient of determination (R2) for this proposed relation is 1.00 indicating very strong 
correlation for flexural strength and concrete cube compressive strength. Also, in Fig. 12 shows the 
relationship between concrete splitting tensile strength (fct) and flexural strength (ft) which can be 
expressed as: 
fct = 1.20(ft)0.41                 (3) 
The corresponding coefficient of determination (R2) for this proposed relation is 0.82 also suggesting a 
strong correlation between the splitting tensile strength and flexural strength. 
5. Conclusion 
The results from the experimental works on the properties of compression, splitting tensile and flexural 
strengths show SFRC with SFs dosages of 0.50% and 0.75% are merely ineffective because there is not 
much improvement on the mechanical properties and even for the Modulus of Elasticity as compared with 
plain concrete. Meanwhile, SFRC with 1.00% and 1.25% SFs resulted in the increase of the splitting 
tensile strength and flexural strength. However, there is not much improvement in strength for SFs dosage 
between 1.00% and 1.25%. Clearly, the study shows that SFs dosages with 1.00% are better than 1.25% 
for SFRC considering the economical factor and ease of work. At 1.25% dosage and for this particular 
type of SFs used in the study, there was difficulty in casting which can lead to segregation between the 
concrete matrix and SFs. 
This study also found strong correlations between concrete splitting tensile strength (fct), compressive 
cube strength (fcu) and flexural strength (ft) where R2 were between 0.82 and 1.00 for steel fibres with an 
aspect ratio of l/d = 80 and volumetric percentage ranging from 0.5% to 1.25%. The quantitative values 
2626  I.S. IBRAHIM and M.B CHE BAKAR/ Procedia Engineering 14 (2011) 2616–2626
for this study can be improved by conducting a study with various types of SFs available in the market i.e. 
aspect ratios, SFs shapes and different concrete classes i.e. normal concrete or even high strength concrete. 
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